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TheplateooqpresslmstrengthofF%lh magmsium-a310ysheetwas
determinedfromlooal-i.nstibilitytestsofformedZ-sectioncolumns.
Theoriticalcompressivestresswasfaundtomrrelatswellwiththe.
compressivestress-straincurveforthematerial.Theourvesofamra~
stressatmaxtmmloadplottedagainstoaloulatedelasticm-iticalstrdn
resultedina familyofourvessimilarto~retiousresultsfora3mminum-
ald,oysheet.

An empirioal formulawasdmelqped.forcalculatingtheaveragestress
atmaximumloadforfOtiaZ-sectionsandchaunelsectionsofFS-IA
_esium-s210ysheetand24S.TsM.17S-TaMmlmmL-alloysheet.

ReoentinvestigationsbytheNationalAdvisoryCammltteefor
Aermauticshaveproviaea-informationontheplatecompressiveSta’engmCiP
variousaluminumanamagnesiumalloys.lhxmtheseInvestigations>the
buokkn stressandaveragestressatmaximumloadhave13eengpitewell-
establishedforextrhded aluminumSzlamagnesiumalloyss (Seereferenoe1.)
Forsheetmaterlals$however>theplatecompressivestrengthhasnotbeen
sogenerally@ali13shed.TheonlyMTormationavailablewasobtainedf?.un
testsofformaZ-seotionsanduhannelsectionsof1~-T and24S-T
dmminum-d.loysheet(references2 and3, respectimly)=a nodataare
availableformagnesium-alloysheet.Inasmuohasthetestresultsfor
thealumlmm-dloysheetmaterialswereessentiallyMfferentfromthose
Obtaineaforthe~a IIB3twtm,Pdmu.uQ tithregEUXItothe
aversgestressatmaximumload,aaaitionaliIlformaticxlontheplate
compressivestrengthofsheetmaterklsis“requimxt.

Beoausedataonmagnesiumsheetwerenotavailable,qperimental@ta
WereObtaiIledmltheplateCOqreSSiVBstren@lofFS-13_SiU.IU-~Oy
sheet.Resultsarepresentedforthebuoklingstresssadtheaverage
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2 NACATNNO● 1714

stress atmmtmumlosdforFS-lhmagnesium-alloyformedZ-sections.The
resultsfortheaveragestress atmaximumloadarealsoanalyzedand
ccqperedwiththoseoMainedforalundnum-eUoy sheet(references2 and3).

cross-sectiunal

dsvelopedwidth

Widthofflange

WiathofwebOf

a

SYMBOIS

area of specimen

of plate(A/t)

ofZ-section

Z-sectim

empiricelconstantusedtimaxilmm-loaaformula

Young’s~aulm atelasticityinC~reSSiOR$takenas6500ISSi
forl?S-lhmaguesiumalloy

nonMmenEima2coefficientusedinplate-bucld.ingformula

lengthofcolumn

Imximlmloaa

thicknessofplate

celculateaelasticcriticalcompressivestrain

Poisson’sratio>tskenas0.3 for3%3-UmagnesiumeJloy

critical ccnupressivestress

compressiveyieldstress

averagecompressivestressatmsximumload

MmKoDs

All testsweremadein
three-fourthsof1 percent.

0F5mNGANDANUJSIS

hmraul.ic-test@machinesaccuratetowithin
&e ends ti the-stress-strdnspecimensand

thefOma Z-sections were groundflatandsquare.TheZ-sectionspeci.
menswereaU,cutfrcnntwo4-by12-footsheetsofO.102-gageFS-lhmague-
sim eUOY ti werehotfO~a. Thespecknswerefabricatedbythe
manufacturer>ma tieformhgoperationswerereportedtobethatthe
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formingwasdoneattemperatiesunder320°F and.thetimeatmsxhmm
te~eraturepriortomakingeachbendwaslimitedto10mhmtes.Dieswam
heatedbybaudtorchandwereprobablyintherangeof200°to280°F.
Hotformhgisgenerellyrcqciredforbending_sium sheetbecauseit
hashexagonalcrystalswithonlyoneslipplane.Xnthefomdngprocess)
thematerialwasbentacrossthegrain;thus$thegraindirectionofthe
matefialwasparaUeltothelongitudinalaxisoftheZ-sectiontest
specimens.

Stress-stradncurves.’--Thecompressivestress-straincurvesforthe
flatsheet(obtiinedonlyforthewith-graindirection)weremadeauto-
graphica31ybytestsofsbgl.e-thicknessspec-nsina modified
Montgomery-!l!emplintypeofcompressionfixture.Thecorrectsupportfor
theflatmagnesiumcompressionspecimenswasWficulttoobtain.
Lueder’slinesdevelopedandthemagnesiumtendedtoslipandwedgebetween
thesupports.Similardifficultieswereencounteredinthejmmstigation
reportedinreference4.

Fortheformedmaterialinthecorners,compressionspecimenswere
cutfromthecornerportionandtestedina specialcoqxressionfixlmre.
Thisfixturepmtidedcontinuoussupportalongthelengthofthespecimen
ofthet~e illustratedinfigure1. Awirestraingagewas@acedon W
-W3 ofthecomerandtheload-straticurvewasrecordedautographically.

Elatecompressivestrength.- Theplatecompmssimstrengthofthe
materielwasobtatnedfromcompressiontestsofformed.Z-sectioncolumns
soproportionedastodeveloplocalinstability;thatis,instabilityof
theplateelementsofwhichthecolumnsarecomprised.Thelengthsof&
columnswerechosensothatthreehalf-waveswouldbeobtatiedwhen
buckMngoccurred.(Seereference5.) Thecolumnsweretestedwiththe
flatendsbearingdirectlyagahstthetesting-machineheads.W these
local-instabilitytests,measurementsweretakenofthecross-sectional
distortion,endthecritical.stresswastakenasthestresscorresponding
tothecriticalloadatthetopoftheImeeoftheload-distortioncurve>
asillustratedinfigure2. Themethodofmeasuringthecrom-sectional
distortionbyuseofa veriable-~ferentiel-transfozmer-typew is
showninfigure3. (Avariable-differential.tranafomr-typegageconsists
ofa coilwiththreewindhgsendanironcore.Thecoil~-
suchthattheinducedvoltageisa senaitimmeasureofthecoreposition.)
Themeasuring“apparatusisessentiallya parallel-ruleI.inkworkmechauism
withtheupperruleheldstationaryona ccmventionalW31-ga.gestand.
Thegagecoilisattachedtothisstationaryupperrule.Thelowerrule
isfreetoswinglaterallyandholdsthecoreofthegageanda straightedge.
Thestraightedgerestsagahsta fl.augeofthespecimanand.piclmupthe
MmlLleswherevertheydevelop.Thismethodprovedquitesuccessfulaud
permitteda minutaforcefromthebucldestoregisterdistortiononthe
measuringapparatus.
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BEIJLTSANDDISCUSSION?-

CompressiveProperties

9

Thscompressivepropertiesofthetwooriginalflat4-by12-foot
Ii3-lh_sium-alloy sheetsusedformalclngthetestspecimenswere
essentiallythessme.Ihfact$thecompressiveyieldstresseshada
rangeoflessthen1 ksiforalltheflatspecimensandlessthan2 ksi
forthecurvedspecimens.Themodulusofelasticityincompressionwas
=en as6500ksi formagnesiumalloy.

Theam- compressimstress-stradncurvesforspecimenscut
fromtheoriginalmaterialbeforeforming>fromthe“flatportionsofthe
f-s andwebsafterformingzandfromtheformedmaterisLinthe
cornerssreshowninfigure4. llqebtionofthesecurvesrevealsthat
hotformingoftheZ-sectiontestspecimensdidmt appreciablychange
thecompressivestress-straincurvecd?theflatportionsoftheflanges
andwebs,whereasintheformedcomerstheconrpmssiveyieldstresswas
-sealabout13percent.

Plate CompressiveStren@h

Theresultsofthelocal-instalxtlitytestsoftheformedZ-section
COlUm3)usedtodeteminetheplateccunpressiveS~S are@v=
intable1.

Forpurposesofcmparisonwitha conrpz=ssivestress-stratic-e )
thetestdataereplottedagainstthecalculatedelasticcriticalcqpzws-
Sivestraine=. Thefornnilafor eCr istheplatebucklingformula
fortheelasticcriticalc&pressivestressdividedby E: .

*

(1)

!ChemethodofMmensioningml thevalueof ~ my beob~ed from
fi~ 5; thedatafor ~ wem Owima fromreference6. Figure6
showsthecriticals~ess u= ma W averagestressatmsximum
load am plOttOa-t ecr. l?hetwostress-strainCU3?V8Sshown
representtheupper-andthelower-limitcurvesfoundfortheFS-lhsheet
materielintheflangesandwebsoftheformedZ-seqbions.

Thebucklingdataappeartofollowthelower-limitstress-strain
curvequitewell.Becauseofthisagreement)thereducedmodulusof

[
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NACATNNO.1714 5

elasticityforplatelxmHingmayheapproximatedbythesecazit~atius.
(Theuseofthesecantmodulushaspreviouslybeensuggestedinreferences1
and7.) Thecriticalcompressivestressmy thereforebeevaluatedfor
P=CtiCalpurposesastheproductof GOr andthesecautmodulusor
tirectlyfrmlthecompressivestress-straincurveforthematerial>given
thecalculatedvelueof 6=. TheresultsoMainedbytheforegoing
methodtendtobesomewhatunconsermtiveinmostcasesunlessa lower-
Mmit compressivestress-straincurveisused.Thisresultagreeswith
thetheoryinreference8forp-tic buck-n ofplates.

Thetestdatainfigure6 showthatthesecautmdulusmayalsobe
usedtopredictthemeximnmstrengthinsomeinstancesbecausea=
Sna 7?= occur quite close togetherathighstresses.WhenEm occurs
atlowerstiesse~figure7maybemoreusefulinestimathg6=. In
figure7 thedataareidentifiedaccou to ~/t ratios.Sucha plot
of 6. -* Gcr resultsina femilyofcurvesdependentuponthe
ratioI+@. Similarresultshavebeenfoundfor17S-Tand24S-Talumhmm-
alloyshe’et(references2 and3). Inordertoilllustma,tetheclifference
‘e*en am = %r ‘e ‘tiatim‘f am ‘iti ‘cr/%ex‘s‘ho=
infigure8.

Ef.upiricalMaximum-StrengthFormula

f A studyoflocal-instabilitytestdataforextrudedeMmbnm and
magnesiumZ-secticms(reference1)showsthatthe ii- dataapparently
plotagainstGcr asa singlecurve.References2 end3)however>as
wellasthepresentpaper2showthatformidZ-sectionsdevelopa femily
of 5= curvesforW?ferent~t ratios.Theseparate6- curves
werebelievedtooccurbecausethecornersofsectimsformedfromsheet
materialhavehighercompressivepropertiesthantherestofthesection.
Sincea Z-section(ora channelsectiau)witha largevalueof ~lt has..,
a smallerpercen~ ofthishigh-stmmgthcornerareathanonewitha
smallvelueof ~t, thefamilyof6urvesappeeiedtobea reasonable
result.IhvestigaticmoftieIW-lhdata,however}showedthatthepercent-
ageofhigh-strengthcornerareaaccountedforonlypertofthespread
in 5-. TheinvestigationWI reveal>however,thata reasonably
straight-Mne relationshipexistadbetween3= andthepercm~ of,

8 cornerarea.Ikmausethehigh-strengthcornerareawasconsidereda
constantforthesedata,thisrelationshiphasbeenplottedinfigure9
as 5- -t thereciprocalofthetotelarea.

A studyoftheotheravailabledata(17S-Tand24.S-Taluminum-alloy
sheetinreferences2 end3)respectively)alsoshoweda similarrela-
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6 NACA~ NO.1724

tionshipbetweenG- andtotalarea.Figure10hasbeenpreparedto
presenteninterestingfeatuzwfoundfortheformedZ-sectionsofall.
threemateriels.Figure10isgivenfor24S-Taludnum-alloyforuled
Z-sectionsbecausethemostcon@.eteandextensivedataareavailablefor
them(reference3). TheseZ-sectimshaveapproximatelythesametotal
areaendthesamevalueof 6- butvar@ngvaluesof a=. Thisresult
seemstoindicatethat,forformedZ-sectionswithidenticalcorners}a=
dependsuponthswayinwhichthematerialisdistributedbetweentheweb
andflangewhile6- doesnot. I

Anattemptwasmadetocorrelatethetestdatafor24S-T
and17S-TaluminumalloywiththeIH-lhmagnesium-alloytestdataas
plottedK figure9. Theshapeofthecurvedcomerswasslightly
different(fig.U) butthesectionswereconsideredtobenearenough
alikethatthisWferencemighthene~cted. TheMffermtmod.uli,yield
stresses)endthicknessesencounteredmadeselectionofparametireaifficult.
A formulasomewhatsimilartothe~load formulafora rectangular
platewithsimplysqpportededges

.or

(2)

*

●

1.

(3)

foundinreference9 (p. 401)gavethe heat~thOaofcorrelatingthedata.

PlottingthsnonMmmsionalvalueof ~m~~~ (whereucy isforthe
flatmaterialinthespecime$againstthenondimensionalvalueof t2/A
provedquiteeffective.Figure12showsallthedatafortheformed
Z-sectionsfromthispaperandfromreferences2 and3 plOtteilinthis
manner.Thecubofflineinfigure12Isnecessaryforthemagnesium-
alloyZ-sectionsand.represents6- equalto cc=.Becausethestress-- ,.
strainC- forFS-lhmagmsiumalloylevelsoffatabouttheyield.-stress
value,7f- csmnotbeexpectedtooccuratstressesgreaterthantrc=.
I?or17S-Tand24-S-TaluminumWoys> however,thestzwss-straincurve
continuestoriseabovetheyieldstressand>forthemnge ofdataavail-
able2nocut-offlineappearsnecessq. Theequatimofthelinethrough
thecdbineddatais

2.14< + 0.01-%?& = (4)
A

‘J Cy
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Thechannel-sectiondataofrefezwnces2 and3 sJ.sofitalongthisline.
Theratiot2/Ainequation(4)mayalsobewrittenas t/~ where~
isthedevelopedwidthe@l to A/t.

Itmust’berememberedthatthisformulaisempiricaland.isderived
onlyfromtheavailable@ta onformedZ-sections.Also, tie data in ws
~aperandrefe-ces2 and3 areforZ-sectionswith ~/~ greater~
0.35sothattheflangesal%prbarilyresponsibleforbuc~ing(seefi#?.5);
for ~/~ lessthenthisvalue,columnfailurerather
bilityisWKelytooccurforthelengthstested.

CONCIIE310NS

Curvesfortheplatecongnmssivestre~ ofFS-lh— —
sheethavebeenestablishedfra testsonformedZ-sections.

Anempiricalformulaispresentedfortheaveragestressatmaximum
load..Theformulaisnondhmsiaualinformandgivesstrengthsthat
agreecloselywithexperimentalresultsforFS-lhmagwsium-alloysheet,as
wellasfor17S-Tand24S-Taluminum-alloysheet.Cautionshouldbeexer-
cised.inextendingthisfommlatoothermaterials.

LangleyAeronauticalLaboratory
NationalAdvisoryCommitteeforAeronautics

LangleyField,Va.,J- 20,19J+8
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pa
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7a
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:

8C
9a
%
90
10a
10b
10C

llb
Qc

m
12c

TABLE1

DIMENSIONSANIJTHi!RE3UUFSFORFS-lhMl@i1910M-AIU)YFORMED
.

Z-SEOTIONComhmsTHATDEfEmPLocALRis~

t %
(in. ) (in.

).1023.56
.1013.55
.1013.55
.1033.57
●1023.56
.1023.55
.1023.59
.1023.56
.1013.53
.1023.53
.1023.52
.1023.53
.1012.$?0
.1012.94
.1002.91
.1012.91
.1012.93
.1012.96
.1022.88
.1022.91
.1012.91
●1012.W
.1012.91
.1012.92
●1042.”24
.1022.*
.1022.25
.1032.28
.1022.2g
.1012.28
.1022.24
.1012.22
.1022.20
.1021.&)
.102l.~
.102l.p

2.82
2*84
2.82
2.51.
2.51
2.50
2.02
2.02
2.02
1.70
1.70
1.70
2.28
2.27
2.28

::;
l.gg
1.63
1.61
1.60
1.35
1.34
1.32
1.57
l.~
l.%
1.s
1.2g
1.28
1.07
1.07
1.08
1.21.
1.20
1.20

(1.)
zl.66
g.;~

20:30
20.30
20.30
18.47
18.48
18.48
17.13
17.13
17.12
17.48
17.47
17.48
lfi.15
16.I.6
16.15.
14.93
14.94
14.94
13.71
13.70
13.71
12.83
m 83
lz 83
lu..2j
IL2J+
11.23
9.06
9.06
9.06
7*75
7.74
7.74

A
13q in.

0.884
.879
●m
.833
.820
.a7
.738
.724
●n5
.655
.655
.650
●707
●707
●707
.650
.650
.650
.580
.574
.568
9s7
.’514
.508
.508
.502
.495
.450
.445
.440
●397
.396
“397
“377
.376
.374

& ~
w t
0.79234.9
.80035.1
●7953593
.70434.7
●7053499

..70534.t
●56335.2
.56834.9
.572 35.C
.48134.6
.48Q34.5
.48134.6
.78628.7
.77329.1
.78429.1
.68728.1?
.6802g.o
.672B.3
.56528.2
.55328.5
.55028.6
.47028.4
.?+6028.8
.45128.9

:~8 x
.69222.0
.56522.1
.56222.4
.56122.6
.47822.0
.48222.0
.491=.6
.672x7.6
.67017.5
.67017.5

kw
(frca
?ig.:

1.38
1.35
1.37
1.68
1.68
1.68
2.43
2.39
2.36
3.06
3.06
3.06
1.40
1.44
1.41

2:P8
1.82
2.41
2.50
2.52
3.15
3.22
3.28
1.68
1.69
1070
2.41
2.43
2.44
3.08
3.06
2.98
1.81
1.82
1.82

‘cr =Or
(a) (hi:

0.001026.1
.Oocpg6.7
:001015.4
●001.278.6
boo12j7.8
.001267.8
.0017913..9
●0017711.g
.00174“11.5
.cql 15.3
.0023215.0
.0023114.8
.001* 9.3
.001* 9.9
.0015110.7
.OoIgl12.9
.0019213.2
.00192X2.3
.0027418.8
;0027817.8
.0027318.3
.0035422.0
.00351Z1..l
.00356zl.7
.00328=.7
.00316J9.5
.00317@).6
.00446*.3
.0044024.9
.0043424.8
.oo~ 25.7
.0057225.2
.0057925*3
.o@2g24.9
●0053925.5
.005395.1

6=
(kEl)

13.9
13.8
14.3
14.9
14.8
15.1
15.8
15.7
15.8
17.3
17.1
1.6.9
16.5
16.2
16.2
17.5
17.2
17.1
19.3
19.0
39.3
22.4
a.7
22*3
22.3
a.1
!zlo3
25.6
5.1
25-5

2::
g“.;

26:5
26.2
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Figure 2. — Illustrative load-distortioncurve.
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Figure 3.- Methodofmeasuringcross-sectiondistortionofa

Z-sectioncolumn:
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Figure 4.– Averagecompressivestress-straincurvesfor FS-lh
magnesium-alloy sheet (withgrain; t=0.102 inch).
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